(carbohydrate-binding protein) on the surface of the tested bacteria. Agglutination tests on glass slides showed that 38% of all the isolates tested were positive in their capacity to agglutinate yeasts. Among the various strains tested, all isolates of Serratia marcescens, Proteus morganii, and Citrobacter diversus, as well as 94% of Klebsiella pneumontae, were positive. On the other hand, only 46% of the Escherichia coli, 48% of the salmonellae, 44% of the Citrobacter freundii, and 71% of the Aeromonas hydrophila isolates were positive. A quantitative determination of the lectin activity done by observing the agglutination of yeasts in microtiter plates showed that S. marcescens isolates were the most avid binders to the yeast, whereas Klebsiella and Citrobacter isolates were the weakest.
The agglutination of erythrocytes by Esche- richia coli, Shigella, Salmonella, and Klebsiella has been known for many years (4) (5) (6) 12) . Hemagglutination in some instances has been attributed to pili and in several cases has been inhibited by mannose and some of its derivatives (13) . Escherichia coli has also been shown to agglutinate Saccharomyces cerevisiae yeast cells that are known to contain mannans on their cell surface, and this agglutination was inhibited by solutions of D-mannose (11) . These earlier findings have led to the isolation from surfaces of Escherichia coli of a protein (lectin) that has mannose-binding properties (7) . The mannosebinding lectin has been suggested to be one of the mechanisms that mediate the adherence and subsequent colonization of epithelial cells by the bacteria (11 Agglutination assays. Two types of assays in which bacteria were checked for their ability to agglutinate yeast cells were used. The first method was a quick screening method for qualitative determination of agglutination. Yeasts of C. albicans and S. cerevisiae gave the same results and both were used. Bacteria were carefully removed from plates and suspended in saline. One drop (-25 ,ul) of heavy bacterial suspension (-10'' cells/ml) was mixed on a slide with one drop of yeast suspension and observed for agglutination. A positive agglutination was observed within 2 to 5 min. The specificity of agglutination to mannose residues was tested by the addition of a solution of methyl a-D-mannoside (0.05 M final concentration) to the bacteria before the addition of the yeasts.
The second method was a quantitative determination of the agglutinating power of the different bacte- a very avid binder. On the other hand, a laboratory strain derivative of E. coli K-12 had a weaker agglutinating power. K. pneumoniae had also a weak agglutinating power (Table 3) . Furthermore, the yeast agglutinates produced by Klebsiella bacteria were smaller and, in contrast to those formed by all other strains, were almost insensitive to the presence of methyl a-D-mannoside (0.2 M). It is interesting to note, however, that all of the Klebsiella isolates tested had very large capsules and were nonmotile, and this may be one of the reasons for the unclear results. DISCUSSION The colonization of bacteria on human mucosal tissues is now recognized as an important step in the infectious process (10) . To colonize mucosal surfaces, the organism must first bind to the epithelial cells of these tissues. The nature of the attachment of the bacteria to the host cell is not yet completely understood. In a number of cases, carbohydrates have been shown to inhibit the adherence of bacteria to mammalian cells (4) (5) (6) 12) . The binding to epithelial cells and macrophages, as well as hemagglutination of erythrocytes by a number of E. coli and Salmonella strains, has been shown to be inhibited by mannose and its derivatives (1, 12) . Moreover, a protein (lectin) with mannose-binding properties was isolated from an E. coli strain (7) .
The results presented in this paper show that the property of certain bacteria to bind to mannose-containing receptors such as yeast mannans, seems to be widespread in the bacterial world. In some cases all the isolates of a bacterial species tested were found to be positive in their ability to agglutinate yeasts. In others, most notably with E. coli, only 46% of the isolates were positive. This finding confirms earlier observations about numerous E. coli strains that were found to be devoid of mannose-binding activity (14) . Marked differences were also found among the various bacterial isolates in their capacity to agglutinate yeasts. Thus, the presence or absence of a mannose-specific lectin activity does not seem to be an essential factor in the ability of bacteria to colonize mucosa or to augment their pathogenic nature. It is well known that in many cases the adherence of bacteria to mammalian cells is not mediated by mannose-specific mechanisms. A number of E. coli strains, notably those containing the K88 and K99 antigens, have been shown to contain a protein or colonizing factor that mediates their adherence to mucosa by a mechanism that is not sensitive to the presence of mannose (3, 8) .
In other examples the adherence of Vibrio cholera is inhibited by L-fucose (9) , and the adherence of Neisseria gonorrhoeae is inhibited by oligosaccharides isolated from certain gangliosides (2) .
As a result of this and other studies, it seems quite logical to speculate that most bacteria have on their surface substances (adhesins) with which they specifically bind to mammalian cell surfaces. One of the most common ones, as we have shown here, appears to involve a lectin with a binding specificity for mannose. Other adherence mechanisms with other carbohydrate specificities have begun to be recognized, but many remain unknown. Our increasing knowledge about the binding properties and specificities of the different bacteria may have practical benefits; it may serve as an additional test for the classification of bacteria. For example, this knowledge could be used as a screening test for Shigella, Pseudomonas aeruginosa, and H2S-producing Proteus that do not agglutinate yeasts, or for Citrobacter diversus and Serratia marcescens which do. Furthermore, the knowledge of the carbohydrate-binding specificities may serve as the basis of a novel therapeutic approach. Perhaps it will be possible in future clinical cases of infection caused by pathogens having specific attachment mechanisms, such as the mannose-binding lectin, to interfere with bacterial adherence and colonization to mammalian cell surfaces by using specific inhibitors.
